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Abstract 
Photoactive rare-earth (RE) complex electrospun nanofibers possess improved photoluminescence properties, thermal stability 
and mechanical flexibility with large surface area to volume and pore size within nano range. In this paper, we report the 
fabrication of electrospun nanofibers of europium complex Eu(TTA)3phen using electrospinning technique.  Europium complex 
Eu(TTA)3phen (TTA=thenoyltrifluoroacetone, phen=1,10-phenanthroline) was synthesized by solution technique and then used 
for the preparation of electrospun nanofibers using different polymers such as PMMA, PVdF and PS to study the 
photoluminescence properties. Electrospun nanofibers of europium complex Eu(TTA)3phen were prepared by controlling syringe 
pump at a flow rate 0.3 ml/hr, electric field 20kV and tip-to-collector distance 15cm. The diameters of the fibers were found to be 
in 500 to 900 nm, 300 to 500 nm and 200 to 300 nm respectively for Eu(TTA)3phen/PMMA, Eu(TTA)3phen/PS and 
Eu(TTA)3phen/PVdF. Photoluminescence study of the fibers show typical  Eu3+ ion red emission, assigned to the transitions 
between the first excited state (5D0) and the multiplet (7F0-4). The enhanced intensity ratios of 5D0→7F2 to 5D0→7F1 of the 
composite nanofibers indicated a more polarized chemical environment of Eu3+ ions and relatively stronger hypersensitive 
behavior of the 5D0→7F2 transition show the potential application in various polymer optoelectronic devices. 
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1. Introduction 
Photoactive lanthanide organic complexes such as europium β-diketones macrocyclic ligands, and a 
number of polyamino carboxylates, are of fundamental and technological interest due to their intense emission peaks 
in the visible and near infrared region under UV excitation, Brito et al. (2000). Regarded as light-conversion 
materials, these complexes are applicable in a variety of areas such as fluorescence probes, energy-harvesting 
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devices, optical signal amplification, luminescence and laser materials etc. However, disadvantages of the pure β-
diketone complexes with low processing ability, poor thermal stability and low mechanical strength limit its direct 
applications in the past. However, the applications of the β-diketone complexes were well developed by adding them 
into the organic, inorganic, or organic/inorganic composite materials , Zhang et al.( 2007). One-dimensional (1D) 
nano/micro-fibers have been of great interest owing to their excellent properties and potential applications in many 
fields. The polymer optical fibers synthesized by the electrospinning technique possess several advantages, such as 
extremely high surface-to-volume ratio, tunable porosity, and the ability to control the fiber composition to achieve 
the desired performances from their properties and functionalities, Huang et al. (2003). Electrospinning is a simple 
and versatile technique for generating the fibers of nanocomposite materials at nanometer scale, Long et al, (2012). 
These fibers are good candidates for many fields, including protective clothing, filtration, electrode materials, 
optical and chemical sensors, microarray optical ion sensors, defense and security, optical communication and 
environmental engineering fields.  Electrospinning is a recently explored simple and effective fabrication technique 
for producing nano to microscale fibers. Since the electrospun mats consist of ultra-fine fibers with high specific 
surface area and high aspect ratio, and have a high porosity as a result of random deposition of the fibers, can 
therefore mimic the structure of natural extracellular matrix, they could have a great potential in biomedical 
applications such as tissue engineering scaffolds, drug delivery carriers, wound dressing, etc. Dong et al. (2009). 
Aligned Eu(DBM)3phen/PS fibers prepared by electrospinning, Yu, et al. (2013).  Lv et al (2014), studied parallel 
spinnerets electrospinning fabrication of novel flexible luminescent – electrical – magnetic trifunctional bistrand-
aligned nanobundles. Xi et al (2014) prepared Flexible Janus nanofibers by using electrospinning technique. Applications 
in other fields such as filter, sensor and protective clothing are also promising, Kang et al. (2009). So far, more than 
50 different polymers have been successfully electrospun. Although a few examples of polymers have been 
electrospun from polymer melt at high temperature under vacuum condition, Larrondo and Manley (1981). Most of 
the polymers have been electrospun from solution where the polymer must be dissolved in a suitable solvent before 
electrospinning. Synthetic polymers are relatively easy to dissolved in an organic solvent such as 
dimethylformamide, dichloromethane and tetrahydrofuran,and therefore often electrospun from organic solutions, 
while in cases where they are water-soluble such as poly(vinyl alcohol) (PVA) and PEO (Polyethylene oxide), they 
can also be electrospun from aqueous solutions, Ding et al.(2002).   
We report herein the incorporation of Eu(TTA)3phen complexes into the cavities of different polymers, 
exhibiting enhanced luminescent nanofibers by electrospinning. PS (Polystyrene), PVdF (Poly vinylidene fluoride) 
and  PMMA (Poly methyl methacrylate) plays a dramatic role in increasing relative luminescent intensities of the 
hypersensitive transitions (5D0Æ7F2 for Eu3+). The composite nanofibers embody a class of new materials that 
present the characteristics of complexes, making them applicable in a wide range of new technologies such as 
flexible large area displays and light emitting devices. 
2. Experimental 
2.1. Materials 
EuCl3 (99.99%), 2-thenoyltrifluoroacetone (TTA) (C8H5F3O2S) (99%) (Mw=222.2), 1,10-phenanthroline (phen) 
(Mw=198. 22), PS(Mw=250,000 ), PVdF and  PMMA (Mw=15,000 ), were procured from E-Merck and used as 
received without further purification. 
2.2. Synthesis of Eu(TTA)3 phen  
TTA (1.5 mol) and phen (0.5 mol) were dissolved in 20 ml of ethanol in flask and neutralized with NaOH solution 
by maintaining pH-7.  EuCl3 salt was dissolved in 10 ml of double distilled water in another flask.  This solution 
was poured into the TTA and phen solution.  Whole solution was heated at 60oC with continuous stirring for 1 hour.    
The precipitate was formed and separated by using filter paper.  The color of the compound was pale color which 
then dried for 2 hours at 80oC in oven, Yungkui, (2011). A synthetic procedure for Eu(TTA)3Phen alongwith its 
chemical formula is shown in scheme 1. 
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Scheme 1: Synthetic procedure for Eu(TTA)3Phen 
 
2.3.  Preparation of solution of Eu(TTA)3Phen /PS 
In the preparation of the electrospinning solution, 2g PS was dissolved in 10 ml THF (tetrahydrofuran )solvent to 
give a mass fraction of 20 wt.% and magnetically  stirred for 12 hr till uniform. Then 20% of Eu(TTA)3phen was 
added to uniform PS solution  and magnetically  stirred for 12 hr till uniform.   
2.4. Preparation of solution of Eu(TTA)3Phen /PMMA 
In the preparation of the electrospinning solution, 2g PMMA was dissolved in 10 ml THF solvent to give a mass 
fraction of 20 wt. % and magnetically stirred for 12 hr till uniform. Then 20% of Eu(TTA)3phen was added to 
uniform PMMA  solution  and magnetically  stirred for 12 hr till uniform.   
2.5. Preparation of solution Eu(TTA)3Phen /PVdF 
In the preparation of the electrospinning solution, 1g PVdF was dissolved in 10 ml THF solvent to give a mass 
fraction of 20 wt. % and magnetically stirred for 12 hr till uniform. Then 20% of Eu(TTA)3phen was added to 
uniform PVdF  solution  and magnetically  stirred for 12 hr till uniform.   
2.6.  Electrospun nanofibers of Eu(TTA)3phen/polymer  
The prepared solution of Eu(TTA)3Phen/PS was firstly placed into a 5ml plastic syringe . During the electrospinning 
process, the solution was fed to the tip using a syringe pump at a flow rate of 0.3 ml/h. A positive voltage of 20 kV 
was applied to the needle of the syringe containing polymer solution. The grounded electrode was connected to a 
metallic plate wrapped with aluminium foil kept at a distance of 15 cm from the needle of the syringe. The 
electrospun nanofibers were collected on the conducting foil (aluminium). After electrospinning, the nonwoven 
membranes of the fibers were dried in a vacuum oven at 60 oC for 12 hr to remove the residual organic solvent. This 
electrospinning process was repeated for Eu(TTA)3phen /PMMA and Eu(TTA)3phen /PVdF solutions to form the 
nanofibers of their solutions.   
3. Results and discussion 
3.1. Morphology of Eu(TTA)3phen/polymer nanofibers 
The morphology of the electrospun fibers was studied by scanning electron microscope (SEM) using model JSM-
7600F. Morphology of the electrospun fibers can be controlled by the experimental design and dependent upon the 
solution conductivity, solution concentration, solution viscosity, polymer molecular weight, applied voltage, 
distance between needle of syringe and collector and the flow rate Huang et al. (2003). Fig. 1(a), (b) and (c) shows 
SEM images of Eu(TTA)3phen/PMMA, Eu(TTA)3phen/PS and Eu(TTA)3phen/PVdF fibers respectively. Since, the 
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collector was stationary and due to bending instability associated with the spinning jet, the nanofibers were found to 
be randomly oriented on the collector. The diameters of the fibers were found to be in between 500 to 900 nm, 300 
to 500 nm and 200 to 300 nm respectively for Eu(TTA)3phen/PMMA, Eu(TTA)3phen/PS and Eu(TTA)3phen/PVdF. 
This change in diameter of the electrospun fibers for different samples represents the effect of polymer used as 
carrier causes the change in viscosity of the polymer solution. This may also be caused by the increased conductivity 
of the electrospinning solution owning to the addition of Eu(TTA)3phen. It is further observed that the addition of 
RE complex into the polymer matrix can effectively improve the morphology of the electrospinning fibers. 
 
 
 
Fig. 1(a). SEM image of Eu(TTA)3phen/PMMA 
 
 
Fig. 1(b). SEM image of Eu(TTA)3phen/PS 
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Fig. 1(c). SEM image of Eu(TTA)3phen/PVdF 
3.2.  Photoluminescence (PL) of Eu(TTA)3phen/polymer nanofibers 
Photoluminescence (PL) spectra were recorded on Spectrofluorometer model FP8200. The PL properties of 
the Eu(TTA)3phen/polymers were investigated and compared with that of pure Eu(TTA)3phen complex. Emission 
spectrum of the pure Eu(TTA)3phen complex is shown in Fig. 2(a), whereas Fig. 2(b), (c) and (d) represents the 
emission spectra of Eu(TTA)3phen/PMMA, Eu(TTA)3phen/PS and Eu(TTA)3phen/PVdF nanofibers respectively. 
All these spectra display the characteristic sharp peaks in the 570-725 nm region associated with the 5D0→7FJ 
transitions of the Eu3+ ion. The 5D0→7F2 transition was very intense at wavelength λ=612 nm, pointing to a highly 
polarized chemical environment around the Eu3+ ion that is responsible for the brilliant red emission of this sample.  
As is well known, the magnetic dipole transitions 5D0→7F1 are largely independent on the ligand field and therefore 
can be used as an internal standard to account for the ligand differences, Bunzli, (1989).  
 
 
Fig. 2. (a) Photoluminescence spectra of Eu(TTA)3phen upon excitation wavelength of 350nm 
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  Fig. 2(b). Photoluminescence spectra of Eu(TTA)3phen/PMMA upon excitation wavelength of 350nm  
 
The electric dipole transition 5D0→7F2, so-called hypersensitive transition, is sensitive to the symmetry of the 
coordination sphere. The intensity ratio of the magnetic dipole transition to the electric dipole transition (I02/I01) in 
the lanthanide complex measures the symmetry and monochromaticity of the coordination sphere. Therefore, the 
above results indicate that the presence of polymers like PS, PMMA and PVdF generally increases the fluorescent 
intensity of the 5D0→7F2 hypersensitive transition of Eu3+ ions. When the europium complexes are incorporated into 
the microcavities of the polymers matrix, the complexes exhibit more disordered local environments due to the 
influence of the surrounding polymer. Different polymer matrix when used for Eu3+ ions to be embedded represents 
the enhancement in emission intensity as excited nearly at same wavelength. Eu(TTA)3phen/PVdF nanofibers shows 
more intensity as compared to other samples which may be due to its large surface area as it shows high aspect ratio 
as confirmed from SEM images. Under the influences of the electric field of the surrounding ligands, the distortion 
of the symmetry around the lanthanide ions by the capping polymer results in the polarization of the Eu3+ ions, 
which increases the probability for electronic dipole, allowed transitions, Xu et al. (2002).  
 
 
 
Fig. 2(c). Photoluminescence spectra of Eu(TTA)3phen/PS upon excitation wavelength of 350nm   
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Fig. 2(d): Photoluminescence spectra of Eu(TTA)3phen/PVdF upon excitation wavelength of 350nm   
4. Conclusions 
Uniform Eu(TTA)3phen/Polymers nanofibers with diameters in the range of 350 to 700 nm were prepared 
successfully by electrospinning. The fluorescent properties of the composite nanofibers Eu(TTA)3phen with 
different polymers were studied. The enhanced intensity ratios of 5D0→7F2  to 5D0→7F1  of the composite nanofibers 
indicated a more polarized chemical environment of Eu3+ ions and relatively stronger hypersensitive behavior of the 
5D0→7F2 transition. Due to the good morphology and outstanding fluorescent property, these 
Eu(TTA)3phen/Polymer composite nanofibers show potential applications in preparation of various polymer 
optoelectronic devices. 
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